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Redox i n  t h e  C120-AsF System 

C. J. Scheck and D. P i l i p o v i c h  

Xocketdjme, a Divis ion  of North American Rockwell Corporat ion 
Canoga Park,  C e l i f o r n i a  91304 

5 : 

Dich1orir.e oxide (or c h l o r i n e  monoxide) hes  been r e p o r t e d  to form a 
c o i p l e x  with ,AsF5 %t -78' <nd st a5oxt  -50' formed an  odd molecule, 
ClOAsF?,, t t r o u g h  e l i m i n a t i o n  of .Cl*.l 

ometrjr ar.3 t h e  fict t k n t - t h e  p o s t u l a t e d  odd molecule  reectsd w i t h  NO2 t o  
q i v e  CINOj.  

1r.ference o f  t h e  s t r u c t u r e  as be ing  \ 
. . t h e ' ? o s t u l e t e d  odd molecule  w s s  drawn- fram t h e  observed r e e c t i o n  s t o i c h i -  

We were i n t e r e s t e d  i n  s t u d y i n g  v q r i o u s  a s p e c t s  of  t h e  proposed odd 
zolecule p a r t i c n l e r l y  es R reedy s o u r c e  of t h e  C 1 0  mdicP1.  However, w e  
f e l t  thRt ,  : ) r io r  t o  u t i l i z i n y  C10AsF5 a s  e n  i n t e r m e d i a t e ,  a more complete 
c h a r a c t e r i z a t i o n  was i n  order .  

Experimental  

Mnter in ls .  Chlor ine  mocoxide W R S  p r e p r e d  f r o n  C12 and yel low HgO 
usinr :  p nodi f  i e d  prccedwe.  * 
Ozark-Mshoning ?.nd used wi thout  G r i f i c a t i o n  e f t e r  gas c h r o m a t o ~ r ~ ? . y  
i n d i c a t e d  a of b e t t e r  t:ian 99.5~3. Chloryl  f l u o r i d e  was prepared 
f r o r  K C I O j  and p u r i f i e d  by f r a c t i o n a l  condensat ion.  I i i t rogen 
t e t r o x i 3 e  w i i s  2urcr.r.sed frorn t h e  Wetneson Co. and p u r i f i e d  by f r a c t i o n a l  
condensat ion.  

Arsenic  p e n t a f l a o r i d e  was purchased from ~. . 

- ~~ ~ _ .  6 I 
Phosphorus d i c h l o r i d e  t r i f l u o r i d e  was formed4 f r o n  PF7 and C l ? .  

. .- 

Apparatus. E x p e r i z e n t s  were conducted i n  two ~ ~ c u m  systems,  one 
c o n s t r u c t e a  of  F l a s s ,  t h e . o t h e r  of s t a i n l e s s  s t e e l - T e f l o n .  S o l i d s  were 
handled i n  en i n e r t  P t r o s c h e r e  c love  box. 
R Perkin-3lmer 157 I n f r a c o r d  u s i n g  5-CE ?as c e l l s  f i t t e d  wi th  A e C l  winlows 
D T  no I clc2 - 5 5 9  

d i f f r e c t i o n  pt terr :s  were obt? ined  v i t h  e 2. E. XRD5 i n s t r u m e n t  u s i n g  

I n f r a r e d  s p e c t r e  were taken  on ; 

3ebye-Schemer powder X-ray -. 
711::s  b++ween AgCl p l a t e s .  

! 
i, C d i  a r i d i n t i o n .  

'Japcr ?hr^se ctrometography of  r e a c t a n t s  and products  W-F cerr iec!  ou t ,  
on 8 column 7acKed wi th  5C6 u/w of  ae loceroon O i l  4-11V End Xel-F low 
d e n s i t y  501dlng powder Fccording t o  Dayan and NeRle.5 
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Zeect ions  o f  Cl30 and AsF5. Measured i u a n t i t i e s  o f  C120 (117 cc, 
5.22 a n o l e s )  and A s F 5 - W ,  3.79 mmoles) were s e p e r a t e l y  condensed 
i n t o  t h e  r e a c t o r  (glass o r  Tef lon  t u b e s )  a t  -195O. 
changed t o  -78’ and i t  wes o j se rved  t h a t  t h e  nixed r e a c t a n t s  g r a d u a l l y  
developed a dark  red c o l o r .  Pun?ing on t h e  mixture  a f t e r  e few hours a t  
-78’ r e s u l t e d  i n  t h e  r ecove ry  of sone o f  t h e  s t a r t i n g  m a t e r i a l s  and much 
C 1 2 .  Subsequent wern ing  of t he  r e a c t i o n  t o  a r b i e n t  tempera ture  gave addi -  
t i o w l  sma l l  amounts o f  enseous m a t e r i a l s  End a whi te  s o l i d .  L i t t l e  or no 
-196O non-condenseble q a s e s  were observed throughout t h e  r e e c t i o n .  
1 1 1  cc  o f  v o l a t i l e  p roduc t s  were ob ta ined .  
a n a l y s i s  i n d i c a t e d  t h e s e  p roduc t s  t o  be a mixture  of AsF 
and C 1 2  (93.5 c c ,  4.17 mmoles) wi th  e t r a c e  of C 1 0 2  and no C 1  0. 
observed r eac t an t -p roduc t  r a t i o  of C 1  0:AsF : C 1  was 5.00:2.86:4.01. S i m i l a r  
r e a c t i o n  r a t i o s  were o b t a i n e d  when C 1  0 WRS use$ a s  t h e  excess  r eagen t .  
s o l i d  product showed two i n f r a r e d  bcn& 1280 cm” (m, d o u b l e t )  and 690 t o  
700 cm-’ ( 8 .  broad) .  Based on t h e  observed s t o i c h i  n e t r y  of t h e  r e a c t i o n  

t h e  s o l i d  n i g h t  be p r i n c i p a l l y  C102AsF6. 
w 8 s  prepared. 

The tempera ture  wes 

I n  a l l ,  , I n f r a r e d  and p s  chromatographic 
(17.5 cc, 0.78 m o l e )  5 The 

2 5  
The 

and t h e  known i n f r e r e d  f r e q u e n c i e s  of C1-06 and AaF 7 compounds, i t  appeared  
. 

Accordingly,  en a u t h e n t i c  sample 

PreparRt ion  of C103AsF . Chlo ry l  f l u o r i d e  (lil c c ,  4 .96  m o l a a )  and 
AsFg (63.7 cc ,  2.04 rnmol*were s e p e r a t e l y  condensed i n t c  a Teflon ampoule 
a t  -196O. After 1 hour  a t  room tempers ture ,  t h e  unreac ted  gases  were 
removed snd meqsured (48.0 c c ,  2.14 mnoles).  An i n f r a r e d  spectrum showed 
only CC102. 
t h a t  of t h e  solid from t h e  C120-AsF I n  a d d i t i o n ,  both s o l i d s  
fumed i n  a i r  and exploded on contac? wi th  wa te r .  
both s c l i d s  were ob ta ined  and  were i d e n t i c a l .  The observed spac ings  and 
r e l a t i v e  i n t e n s i t i e s  a r e  g iven  ir. Table 1. 

The wh i t e  solid product had an i n f r e r e d  spectrum i d e n t i c a l  t o  

Powder X-ray p a t t e r n s  of 
r e a c t i o n .  

Reaction o f  C10 .AsF5 and NO2. 
NO? PRS were r e a c t e d L f o r  1 hour  a t  0’. 
WRS ac.”,ieved but  i n  p o o r  y i e l d ;  20;6 for t h e  s o l i d  from t h e  C 1  0 r e n c t i o n  
nnd 3516 f o r  t h e  z 3 l i i  from t h e  FC102 r e a c t i o n .  

Weiahed amcunts of C102AsF6 and excess  
The exr,ected displacement’ of C102 

. ,  . .  

2 

- - - - - - - - - - - - - _ - _ - - - _ - - - - - - - - - - - - - - - - - -  
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( 8 )  H. S c b e i s s e r  and ’d. Fink, Anaew. Chem., a, 780 (1957).  



, 

87. 

TABU 1 

X-RAY POWDER DIF'FRACTION DATA FOR C1O2bF6 

R e l a t i v e  R e l a t i v e  
d. 51 I n t e n s i t y  d. A I n t e n s i t y  
7.50 70 2.30 10 
5.55 30 ?.OR 60 
5.10 30 7.05 60 
4 .40  70 1 e95 40 
4.02 40 1.87 10 
3.65 100 1 .a4 10 
3.57 90 1 .a0 10  
?.&9 10  1.76 10  
3.07 50 1.70 20 
2.87 - 1.59 15 
2.76 ' l o  1.55 10 
2.69 - z ' l o  10 1.57 10  
2.54 - c 10 

fiepetion of PF5C12 and Cl10. A 1:1 mixture  of  PF C 1  and 
a l loded  t o  V ~ X T  t o  room t e m p e w t u r e  a t  which po in t  pn i n f r a r e d  
tr.ken. ?!.e on ly  i n f r a r e d  abso rb inq  material prePent W R S  POF,. 

7 2  C l 2 O  was 
spectrum was 

None o f  
t h e  PF7Cl , 8 s t r o n g  i n t r n r e d  absorber , .  r e m i n e d .  
was revee led  by i t s  c o l o r  when f rozen .  
observed. 

?he by-prdduct C12 
Wo non-vo le t i l e  s o l i d s  were 

e., Z e s u l t s  wid Discuss ion  
' .';< 

. I  

5 The r e a c t i o n  bf C 1  0 w i t h  AsF does  c o t  give t h e  odd molec,de ClOAsF 
Fur the r ,  t h e  r e a c t i o n . e p p e s r s  t o  but  F ives  i n s t e p <  %'hp szlt C1O2AsF2. 

f o l l o w  the  s to i ch iomet ry  shown i n  eque t ion  1: 

5 C l 2 O  + 3AsF 5 2C102AsF6 + 4C12 + AsOF, (1) 

The r e s c t i o n  s t o i c h i o m e t r y  does  n o t  a p p a r  t o  be de2endent on the exper i -  
mente1 r e a c t a n t  m t i o s .  The format ion  of C10 AsF w2s confirmed by prepar ing  
an  qu then t i c  s a z g l e  find compering t h e i r  X-ray2pateerns. 

FC102 + AsF5 _3 C102AsF6 ( 2 )  

I n  t h e  r e a c t i o n  of  C 1  0 w i t h  AsF5, t h e  e v c i u t i o n  of  C 1  

r e a o r t e d l  f o r  t h i s  procesc  s t  -50' i s  s5own i n  equa t ion  3 :  

a p p a r e n t l y  invo lyes  2 2 
r ~ c h  more com?lcx process  thqn 2 s icple  C1-0  bond rup tu re .  The equat ion  

C120*AsF 5 - C10AsF5 + 1/2  C l p  

C l 2 0  + AsF5 __* CIOAsFSCl ( 4 )  

C l 2 0  + C10AsF5C1 __+ C1O2AsF5C1 + C 1 2  

( 3 )  

We would prefer t o  propose  an i n i t i a l  s t e p  t h e t  i n f e r s  an i o n i z a t i o n  of 
C 1  0 ,  i . e . ,  s n  i o n i c  comnlex is  obtp ined ,  perhaps ClO+AsF C1-: 2 5 

The oxidf i t ion  of t h e  C 1 0 +  s p e c i e s  could then  proceed wi th  a d 3 i t i o n a l  C 1  0: 2 

(5) 

This  s t e p  ( a q u s t i o n  4 )  should  n o t  be cons idered  unusual inasmuch as o t h e r  
c h l o r i n e  oxi4es  are capsb le  of redox (e.g., C 1 0 2  g i v e s  some C1206 on 
pho to lys i s9 )  - 
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- The rrost d i f f i c u l t  r c t i o n e l e  is the format ion  o f  t h e  AsF6 
Admit tedly a m u l t i p l i c i t y  o f  d i v e r s e  r e e r t i o n  seqaences  could  be proposed 
r o s t  o f  which k'oul? be d i f f i c l l l t  t o  expe r imen ta l ly  v e r i f y .  3ne p o s s i b l e  
pa th  o f f e r d  involves  t h e  d i s s o c i ? t i o n  of C 1 0  AsF C 1  i n t o  i t s  cocponents  
w i th  :he suSsesuent  r e a c t i o n s  noted :  

i n  t h e  r eac t ion .  

2 5  

C102AsF5C1 __$ FC102 + AsFdC1 ( 6 )  

5 3AsF4C1- -> AaF?C12 + AsF 

AsF + PC102 -* C102AsF6 

. b ? , C l  + C l 2 0  _j AsF,O + 2C1 
5 
, 2  2 

( 7 )  

i a )  
(9) 

' It is  rer .d i ly  seen tnst t h e  suc o f  e l u z t i o n g  d th rough 9,  s u i t a b l y  v e i s h t e d ,  
.qivez equ?:io? 1. 

The i d e : i t i t y  o f  ASOF, w.97 t!ot e s t P S l i s h e d  as n product s i n c e  i t  is ti 

non-volat i le1° X-rs.v'nmor=hous s 3 l i d .  
f u r t h e r  eo -n l i ce t e  n r t t e r s  by s t u d y i n g  t h e  r e n c t i o n  of AsF C 1  w i t h  Cl 0 Q S  

a t e s t  ox" sTyf t ion  8 inasmuch a s  AsF,Cl "Foes i o n i c "  2nd 1s ?ornulate$ a s  
A d 1 4  AsF F. 
woul l  be 'he r e ? c t i o n  o f  PF3C12 2nd C1 0. Indeed, t h e  m p i d  convers ion  of 
PF CI t o  K F  : i r ~  ~1 ila i n  e;!urtion ?o: 

I n  a d d i t i o n .  we d i d  ~ o t  wish t o  

+ -  . V e  d i d  f e e l ,  howeve$, gha t  a s u i t r b l e  test  of  equa t ion  8 

3 7  3 2 
: ?F,C12 + C l 2 0  ?OF + 2C12 (10)  3 

stron&:ly suceestn t!wt "covRlent" AF' C 1  would r e a c t  s i n i l e r l y .  The 3 2  re;:ction cond i t iohs  "e s:ich th?t the reory : !n izs t ion  of AsF C 1 ,  p o s t u l a t e d  
- 9  rin in t e r r . ed ie re  i n  e . : u a t i o n  6, would Tive i n i t i a l l y  t h e  8ovz len t  s t r w t u r e .  

The i n i t i n l  r e s o r t  on t h e  prep? r - t i ons  o f  "C 
re rc : ion  of NO -9 P proof o f  t h e  r r l i c a l  ? r e s e n t  7 

ClOAsF + 2LC2 ::C),i.sF + C11i07 (11)  5 L 5  
T?,e Ftvistence of "0 A s "  h?s r . lresdy been ?ues t ioned  P e r i o u s l y  and appar- 
ently disarovedt2: 'Fur?her. t h e  formnt ion  of soze ClNO?  should  be expected 
f'r(;c ..i- ~~..,,-. :.--> , c. ..,- i NO 
ciiio, 
- - * - .  

in.-s-uc!: 2 s  t h c  r?oc:icn of C:07 2nd NO r i v e s  
2 ~t i? ~ u i t e  l i k e l y  t h n t  t he  r e a c t i o n  oSaerve3. by Scgmeisser  &. - - - -  - - - -  - - - - -  
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was t h e  i n i t i . 1  d i s p l a c e n e n t  of C 1 0 2  from C102AsF6 by NO, fol lowed by a 
r e e c t i o n  of C10 ,  w i t h  NO2, t h e  o v e r a l l  r e a c t i o n  being: 

- 
- 

C102AsF6 + 2N02 ___t NG2AsF6 + CINOg + 1/2 O2 (12)  

Except f o r  t h e  formation of t h e  oxygen, t h e  r e a c t i o n  i n  equat ion  12 has 
t h e  s?me s t o i c h i o m e t r y  of KO2 t o  "so l id"  R S  t h a t  r e p o r t e d  i n  e q u a t i o n  1 1 .  
Thus, t h e  proof of "C10AsF5" through i t s  r e a c t i o n s  o r  i t s  s y n t h e s i s  i s  
not  ccnc lus ive .  

, 

1 

i '  


